We discuss in this talk aspects ofKN plus coupled channels dynamics with special emphasis on the Λ(1405) resonance and isovector resonances in the same energy region. We comment on several experimental reactions giving rise to πΣ distributions with important implications on the spectroscopy. We also discuss recent theoretical models based con NLO SU(3) unitarized chiral perturbation theory.
Introduction and interest
A good theoretical point in the study of S-waveKN scattering with coupled channels (we consider altogether ten coupled channels, π 0 Λ,
is that the pseudoscalars involved are (pseudo)Goldstone bosons associated with the spontaneous chiral symmetry breaking of QCD. As a result we can apply chiral perturbation theory (ChPT) with baryons. However, the large masses associated with baryons as well as with kaons and etas, the latter are large compared with the typical modulus of theKN center of mass (c.m.) three-momentum at around the nominal mass of the Λ(1405), which is around 130 MeV, give rise to non-perturbative dynamics. The situation is similar to nucleon-nucleon scattering with the Deuteron or KK scattering with the f 0 (980).
The origin of this non-perturbative dynamics with the sizes of masses can be explained following a similar argument to that given by Weinberg in relation with nucleon-nucleon scattering and the nucleon mass 1 . The point is that the masses of the intermediate states are large compared with the typical three-momentum involved so that the differences between the external energy and that of the intermediate states, that appear in the propagators of the intermediate states, correspond to differences between kinetic energies. In this way, its inverse is enhanced by an infrared factor ∼ 2M K /q, with q the typical size of an external c.m. threemomentum and M K the kaon mass. This factor is around one order of magnitude for |q| ∼ 100 MeV, quite close to the subthreshold three-momentum for theKN around the Λ(1405). It is also worth indicating that for u-crossed channel dynamics instead of having the difference between the external and intermediate energies one has the sum of them, so that the crossed channel loops are indeed infrared suppressed. This implies that there is an infrared enhancement of the unitarity cut that makes definitely smaller the overall scale Λ ChPT over which the chiral expansion is performed for meson-baryon scattering with strangeness −1. Then we have to resum the unitarity cut, giving rise to partial wave amplitudes fulfilling exactly two-body unitarity, while keeping the analytical requirement associated with that cut. In a diagrammatic language it implies that the string of diagrams represented in Fig. 1 should be resummed. This resummation goes beyond of perturbation theory and gives rise to the appearance of many resonances in meson-baryon scattering, in particular of the Λ(1405). In Fig. 1 the filled circle represents an arbitrary meson-baryon vertex, which will be calculated perturbatively in ChPT.
The scattering ofKN plus coupled channels is essential for several important problems in nuclear physics. The interested reader is referred to the recent review 2 for an exhaustive list of topics and references. 
Notice that both poles appear between the πΣ andKN thresholds, which is precisely the physical energy region that connects continuously with the second Riemann sheet, where these poles lie. This is why they can be directly observed in + + + ... experiments. Indeed, both poles have just been simultaneously observed in an explicitly manner, for the first time in any reaction, by the CLAS Collaboration in photoproduction data 7 , with properties remarkably close to the numbers given above. These experimental data were not possible to be described at all by just one simple Breit-Wigner pole 7 . 
The lower pole is wider because it couples more strongly with the πΣ channel, while the higher one couples more strongly with theKN channel, whose threshold lies above in energy. The pole position of the lower pole is less well known that the pole position of the higher one. The recent studies 8 and 9 , that make use of O(p 2 ) ChPT to calculate the interacting vertices in Fig. 1 , fit the available K − p two-body scattering data and include the most recent data on the energy shift and width of kaonic hydrogen 10 , find the intervals of pole positions shown in Table 1 . The uncertainty in the position of the wider pole has an important impact in the subthreshold extrapolation of theKN scattering amplitude, a crucial input to know the properties of kaons in the nuclear medium 11 . This can be clearly seen in Fig. 2 Another strategy is to make use of the πΣ event distributions and cross sections from presently available experimental data and reproduce all of them in a satisfactory way, once theKN cross sections in two-body scattering are reproduced. This has been done along the years by E. Oset and collaborators. They predicted in Ref. 13 and IKON/KLOE DAΦNE 27 . It would be very interesting that in the future these theoretical studies could be performed by employing scattering amplitudes determined by calculating the interacting vertices from NLO ChPT.
I = 1 Resonances around theKN threshold
An interesting prediction that came from the study of Ref. 4 with unitarized ChPT was the existence of poles with I = 1 around theKN threshold. This prediction was also confirmed by the recent study of Ref. 9 , calculating the interacting vertices from NLO ChPT, where I = 1 poles at 1376 − i 33 and 1414 − i 12 MeV were found in the second Riemann sheet. The I = 0 signal is stronger than that with I = 1, and this is the reason why these poles had not been observed experimentally before, as stressed in Ref. 28 . However, the I = 1 signal can be observed through interference effects with the isoscalar one. For that one needs to measure simultaneously the two charged channels π + Σ − and π − Σ + . Indeed, just by a straightforward isospin decomposition and neglecting the I = 2 contribution (which is not resonant in these energies and much smaller), one has
with M I the invariant mass of the πΣ state. The isospin for each amplitude is indicated by the superscript. Notice the different sign for the interference term in π + Σ − and π − Σ + , so that if one has constructive interference for one of them a destructive one results for the other. It has just been recently possible to detect with large statistics this phenomenon in the photoproduction data from the reaction 
The resonances around theKN threshold are dynamically generated
Here we give the following arguments to justify that these I = 0 and 1 resonances between the πΣ andKN thresholds are generated by the hadron-dynamics of the meson-baryon coupled channels involved in the scattering.
1.-The unitarity loops in the series depicted in Fig. 1 require regularization, which can be performed by taking a once-subtracted dispersion relation with an unknown subtraction constant. One can then invoke a natural value for this subtraction constant as a function of Λ ChPT ≃ 1 GeV, as deduced in Ref. 4 . Denoting by a the subtraction constant, its natural value is given by a ≃ −2 log 1 + 1 + M 2 P /Λ 2 ChPT ≃ −2, with M P a pseudoscalar mass. It turns out that the resonances in Ref. 4 stem from such natural value for a, which corresponds to the one appropriate for intermediate meson-baryon states with threemomentum Λ ChPT .
2.-The resonance poles corresponding to these resonances have a strong sensitivity on the actual Riemann sheet in which one is searching them 4 . Indeed, they could perfectly disappear when passing from one Riemann sheet to another. This is in contradiction with the fact that resonances with a dominant bare component have pole positions which are the same independently of the Riemann sheet considered, as discussed in more detail in Ref. 31 .
3.-It is also interesting to calculate matter or electromagnetic radii. This was done in Ref. 32 for the Λ(1405) and absolute values considerably larger than those of the neutron were obtained, indicating a spread resonance. 
